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(54) FUEL CELL POWER GENERATING APPARATUS AND ITS OPERATION STARTING 
METHOD 

(57)Abstract: 

PURPOSE: To suppress the deterioration of a fuel cell 
and lower the withstand voltage of a d.c/a.c. transducer 
to be connected with the fuel cell. 

CONSTITUTION: A reformed gas which is hydrogen-rich 
and produced by a fuel reformer 1 is supplied to a fuel 
cell 2. The d. c. output of the fuel cell is converted into 
a.c. by a d.c/a.c. transducer 3 and the a.c. output is 
supplied to an outer load 4 through a switchgear 5. A 
resistor 21 as an electric power consuming means is 
connected with the output side of the a.c. transducer 3. 
The switching operation of the switchgear 5 is controlled 
by a controller 24. At the time of operation starting, when 
the voltage of the cell 2 becomes a prescribed voltage, 
electricity supply to the resistor 21 from the d.c/a.c. 
transducer 3 is strated based on the measured value of volt meter 10 and the voltage of 
supplied electricity is raised from 0 to the rated voltage. After the voltage of the supplied 
electricity becomes the rated voltage V, the switchgear 5 is shut and the outer load 4 is 
connected. Since the load is turned on before the voltage becomes release voltage, 
deterioration of the fuel cell is suppressed and the withstand voltage of the d.c/a.c. transducer 
is lowered. Also, high load is not connected abruptly and thus fuel deficiency of the fuel cell is 
prevented. 
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* NOTICES * 

JPO and NCI PI are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the hydrogen generated with a fuel reforming machine and this fuel reforming vessel — the 
fuel cell power plant characterized by having the fuel cell which uses rich reformed gas as a fuel, and a 
power consumption means to consume the power of the above-mentioned fuel cell in a phase until it 
connects an external load to this fuel cell. 

[Claim 2] the hydrogen which generated with a fuel reforming machine and this fuel reforming vessel — 
the operation starting approach of the fuel cell power plant characterized by to increase gradually the 
electrical potential difference which is equipped with the fuel cell which uses rich reformed gas as a 
fuel , and a power-consumption means consume the power of the above-mentioned fuel cell in a phase 
until it connects an external load to this fuel cell , and is impressed to the above-mentioned power- 
consumption means according to one increment of the above-mentioned reformed gas or air in a flow 
rate . 

[Claim 3] the hydrogen which generated with a fuel reforming machine and this fuel reforming vessel — 
the operation starting approach of the fuel cell power plant characterized by to switch the input of the 
reforming raw material to the above-mentioned reforming machine to the feedback control by flow rate 
setup into which it is converted from the above-mentioned fuel cell current from a flow rate setup of a 
fixed generation of electrical energy before having the fuel cell which uses rich reformed gas as a fuel 
and connecting an external load to the above-mentioned fuel cell. 

[Claim 4] the hydrogen generated with a fuel reforming machine and this fuel reforming vessel — the 
operation starting approach of the fuel cell power plant characterized by performing a flow rate setup so 
that it may have the fuel cell which uses rich reformed gas as a fuel and the input of this fixed time 
amount and reforming raw material may be made to increase from the time of the reforming raw 
material injection to the above-mentioned reforming machine. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the operation starting approach before and after 

connecting a fuel cell power plant and this to an external load. 

[0002] 

[Description of the Prior Art] Drawing 5 is drawing showing the system outline of the conventional fuel 
cell power plant, this drawing — setting — 1 — hydrogen — it is the switch with which the fuel reforming 
machine which generates rich reformed gas, the fuel cell with which 2 uses as a fuel the reformed gas 
generated with the fuel reforming vessel 1, the DC to AC converter (DC/AC converter) from which 3 
changes the dc output of a fuel cell 2 into an alternating current, and 4 were inserted in the external load, 
and 5 was inserted in the feeder circuit to a load 4. 

[0003] Here, the reforming machine 1 comes to build Id of reforming coils filled up with carburetor lc 
of a reforming raw material, and a reforming catalyst in combustion furnace lb of equipment of 
combustion burner la, and the reforming raw material tank 7 is connected to carburetor lc through the 
raw material pump 6. Moreover, the fuel cell 2 was constituted as a eel stack which carried out the 
laminating of many unit cells as everyone knows, and expresses this fuel cell with fuel electrode 2a, air 
electrode 2b, and electrolyte layer 2c, fuel gas room 2d, and reaction air chamber 2e typically by a 
diagram, the outlet of Id of reforming coils of the reforming machine 1 mentioned above, and the fuel 
gas room of a fuel cell 2 — between 2d inlet ports — the fuel gas supply line 8 — moreover, the fuel gas 
room of a fuel cell 2 — between a 2d outlet and combustion burner la of the reforming machine 1, the 
connecting piping of the off-gas supply line 9 is carried out. 

[0004] Next, actuation is explained, if a steam is mixed in reforming raw materials, such as town gas 
and a methanol, and the reforming machine 1 is supplied — a reforming raw material — catalytic reaction 
with a reforming catalyst — hydrogen — reforming is carried out to rich gas — having — the ftiel gas 
supply line 8 — leading — the fuel gas room of a fuel cell 2 — 2d is supplied. On the other hand, reaction 
air is supplied to reaction air chamber 2e of a fuel cell 2, and a fuel cell 2 generates electricity by the 
electromotive reaction. The fuel (off-gas) of the remainder which did not participate in an electromotive 
reaction flows back through the off-gas supply line 9 to combustion burner la of the reforming machine 
1 with a fuel cell 2. A reforming reaction is made to continue with the heat burned and obtained by this 
combustion burner la. The dc output outputted by the electromotive reaction with a fuel cell 2 is 
changed into an alternating current by DC to AC converter 3, and electric power is supplied to it by the 
external load 4 through a switch 5. 

[0005] By the way, although it is somewhat behind from the supply point in time of a reforming raw 
material, reformed gas generation begins and the amount of generation comes to increase gradually with 
the reforming vessel 1, by the time it reaches the amount by which the amount of reformed gas 
generation was stabilized, a certain amount of time amount will be required. Moreover, since it is few 
immediately after fuel-supply starting to a fiael cell 2 and the whole fuel amount of supply cannot supply 
it to each unit cell of a eel stack enough, a fuel cell 2 is somewhat overdue from a fuel-supply initiation 
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point in time, and terminal voltage comes to rise by the electromotive reaction. In this case, in the state 
of the condition, i.e., an open circuit, of not connecting the external load 4, once the open-circuit voltage 
of a fuel cell 2 rises with the increment in the fuel amount of supply and rises to peak voltage, it shows 
an open-circuit voltage property which balances the electrical potential difference which descended a 
little according to change of the gas distribution inside a cell, change of electrolytic concentration, the 
leakage current, etc. On the other hand, if a fuel cell 2 carries out long duration neglect in the condition 
that an electrical potential difference is high, after generation-of-electrical-energy initiation with an open 
circuit, it is known that the elution of the platinum catalyst as an electrode catalyst and sintering will 
progress, and the catalyst engine performance will deteriorate. 

[0006] Then, after detecting the open-circuit voltage of a fuel cell 2 and detecting peak value attainment 
of this open-circuit voltage conventionally, supplying electric power by connecting the external load 4 to 
a fuel cell 2 is proposed (refer to JP,64-655,A). Drawing 6 is a timing diagram which shows the 
operation starting approach. Time t — if supply initiation of the reforming raw material is carried out by 
1 at the reforming machine 1 — delay [ some ] time — t2 ~ the reforming machine 1 — generation of 
reformed gas ~ starting — time amount progress — the amount of generation — increasing — Time t — a 
generation of electrical energy is started with a fuel cell 2 in 3. After an electrical potential difference's 
rising and reaching peak value el, electric supply to the external load 4 is performed by t4 the time of 
detecting the electrical potential difference e2 which descended somewhat rather than this peak value. In 
drawing 5 , 10 is a voltmeter and 1 1 is a controller. The open-circuit voltage of a fuel cell 2 was 
measured with the voltmeter 10, and the measurement value is inputted into the controller 1 1. In a 
controller 1 1, the measurement value change of open-circuit voltage is supervised, an injection 
command gives a switch 5 by t4 the time of detecting an electrical potential difference e2, as mentioned 
above, and it is ******. 
[0007] 

[Problem(s) to be Solved by the Invention] Since the conventional fuel cell power plant was constituted 
as mentioned above, it had the following problems. That is, the external load 4 could not be connected to 
open circuit voltage, but it was necessary to take the high withstand voltage of DC to AC converter 3, 
and the engine performance beyond the need needed to be required of the direct-current input circuit 
device of DC to AC converter 3. Moreover, also about a fuel cell 2, it must expose to open circuit 
voltage at once at the time of generation-of-electrical-energy initiation, and degradation will be brought 
forward. 

[0008] Furthermore, although not taken into consideration about the input of a reforming raw material, 
to actually connect the external load 4, it is necessary to secure a required quantity of gas flow. If the 
capacity of a certain constant rate is supplied to the interior of a cell to the open circuit voltage of a fuel 
cell 2, fixed open circuit voltage will arise regardless of a quantity of gas flow. Therefore, in throwing in 
a reforming raw material fewer than the amount corresponding to the external load 4, it produces the 
lack of a fuel of a fuel cell 2, and the flame failure of combustion burner la of the reforming machine 1. 
[0009] This invention was made in order to cancel the above troubles, it does not need to require the 
engine performance beyond the need of the DC to AC converter connected to a fuel cell, and aims at 
offering the fuel cell power plant which moreover does not expose a fuel cell to open circuit voltage. 
Moreover, it aims at offering the operation starting approach of the fuel cell power plant which produces 
neither the lack of a fuel of a fuel cell, nor the flame failure of the combustion burner of a fuel reforming 
machine. Furthermore, it aims at offering the operation starting approach of the fuel cell power plant 
which can feed a reforming raw material into a fuel reforming machine exactly. 
[0010] 

[Means for Solving the Problem] the hydrogen which generated the fuel cell power plant concerning 
invention of the 1st term of a claim with the fuel reforming vessel — it is characterized by having a 
power consumption means to consume the power of a fuel cell in a phase until it connects an external 
load to the fuel cell which uses rich reformed gas as a fuel. 

[001 1] the hydrogen which generated the operation starting approach of the fuel cell power plant 
concerning invention of the 2nd term of a claim with the fuel reforming vessel — it have a power 
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consumption means consume the power of a fiiel cell in a phase until it connect an external load to the 
fuel cell which use rich reformed gas as a fuel , and it be characterize by to increase gradually the 
electrical potential difference impress to this power consumption means according to one increment in a 
flow rate of reformed gas or air . 

[0012] the hydrogen which generated the operation starting approach of the fuel cell power plant 
concerning invention of the 3rd term of a claim with the fuel reforming vessel — before having the fuel 
cell which uses rich reformed gas as a fuel and connecting an external load to this fuel cell, it is 
characterized by to switch the input of the reforming raw material to a reforming machine to the 
feedback control by flow rate setup into which it is converted from a fuel cell current from a flow rate 
setup of a fixed generation of electrical energy. 

[0013] the hydrogen which generated the operation starting approach of the fuel cell power plant 
concerning invention of the 4th term of a claim with the fuel reforming vessel — it has the fuel cell 
which uses rich reformed gas as a fuel, and is characterized by performing a flow rate setup so that the 
input of this fixed time amount and reforming raw material may be made to increase from the time of 
the reforming raw material injection to a reforming machine. 
[0014] 

[Function] In invention of the 1st term of a claim, before a fuel cell is connected to an external load, a 
power consumption means serves as a load of a fuel cell, and an injection of a load is performed before 
open circuit voltage. Therefore, pressure-proofing of the DC to AC converter which can control 
degradation of a fuel cell and is connected to a fuel cell can be lowered. 

[0015] In invention of the 2nd term of a claim, the electrical potential difference impressed to a power 

consumption means is gradually increased according to one increment in a flow rate of reformed gas or 

air. Therefore, a heavy load is not suddenly connected to a fuel cell, and the flame failure of the 

combustion burner of the lack of a fuel of a fuel cell or a reforming machine can be prevented. 

[0016] In invention of the 3rd term of a claim, before connecting an external load to a fuel cell, the flow 

rate of a reforming raw material is switched to the feedback control by flow rate setup converted from a 

fuel cell current from a flow rate setup of a fixed generation of electrical energy. Therefore, the flow rate 

of a reforming raw material is always amended to the fall of a fuel cell electrical potential difference 

with time, and supply of the flame failure of the lack of a fuel of a fuel cell and the combustion burner of 

a reforming machine and the excessive fuel for a combustion burner can be prevented. 

[0017] In invention of the 4th term of a claim, the input is increased in early stages of a reforming raw 

material injection. Therefore, the ununiformity of a container and the reforming raw material by the 

volume in piping and the ununiformity of the cell fuel by the instability of a reforming reaction can be 

prevented in early stages of a reforming raw material injection. 

[0018] 

[Example] 

Example 1 . drawing 1 is drawing showing the system outline of the fuel cell power plant by one 
example of this invention. In drawin g 1 , the same sign is given to drawing 5 and a corresponding part, 
and the detail explanation is omitted. In this drawing, the resistor 21 as a power consumption means is 
connected to the output side of DC to AC converter 3. Moreover, the measurement value of a voltmeter 
10 is supplied to DC to AC converter 3. An ammeter 12 is connected with a fuel cell 2 between DC to 
AC converters 3, and the cell current of a fuel cell 2 is measured. And the measurement value measured 
with an ammeter 12 is supplied to a controller 24. 

[0019] 22 is the flow rate control unit of the town gas as a reforming raw material, and 22a and 22b are 
the flowmeters and control valves which were allotted to the supply path of town gas, respectively. 
Moreover, 23 is the flow rate control device of the steam which is a reforming raw material, and 23a and 
23b are the flowmeters and control valves which were allotted to the supply path of steam. Actuation of 
the flow rate control units 22 and 23 is controlled by the controller 24. Moreover, the switching action of 
a switch 5 is also controlled by the controller 24. This example is constituted as mentioned above and 
constitutes others like the example of drawing 5 . 

[0020] Next, actuation is explained. Since it is the same as that of the example of drawing 5 mentioned 
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above, the fundamental actuation as a fuel power plant is omitted. Hereafter, the operation starting 
approach is explained using the timing diagram of drawing 2 . The temperature up of the reforming 
machine 1 is completed and the town gas and steam which are a reforming raw material are introduced 
into the reforming machine 1 by the flow rate control devices 22 and 23 by tl the time of becoming the 
temperature (generally 700-800-degreeC) in which a reforming reaction is possible ( drawing 2 A). 
[0021] Reforming of the reforming raw material is carried out to the reformed gas which contains 
hydrogen so much by catalytic reaction inside the reforming machine 1. however, the amount of 
reforming — the effect of the inert gas before the stability of a reaction, and installation of a reforming 
raw material — Time t ~ it increases more nearly gently than the time of 2 (this drawing B). this 
reformed gas — time difference ~ having — Time t — a fuel cell 2 is reached by 3 and the electrical 
potential difference of a fuel cell 2 begins a rise by the electromotive reaction (this drawing C). When 
the electrical potential difference of a fuel cell 2 rises and it does not connect with the load with the 
increment in the amount of reformed gas, open circuit voltage e2 is reached (broken line of this drawing 
C). 

[0022] In this example, when becoming the predetermined electrical potential difference el (<e2) at the 
time of the power surge of a fuel cell 2, based on the measurement value from a voltmeter 10, the 
electric supply to a resistor 21 is started from DC to AC converter 3 (this drawing D). Here, it is time 
amount from 0 about the electric supply electrical potential difference to a resistor 21. It is made to go 
up to rated voltage V with t. After the electric supply electrical potential difference to a resistor 21 turns 
into rated voltage V, an injection command is given to a switch 5 from a controller 24 by t4 at the time, 
and the external load 4 is connected to a fuel cell 2 (this drawing E). In addition, after connecting the 
external load 4 to a fuel cell 2, the input f4 of the reforming raw material to the reforming machine 1 is 
made to increase from the amount f2 before it (this drawing A). 

[0023] According to the example of drawing 1 , a resistor 21 is connected to the output side of DC to 
AC converter 3, and before the electrical potential difference of a fuel cell 2 turns into open circuit 
voltage, electric power is supplied by the resistor 21 from DC to AC converter 3. Since it is carried out 
by this before an injection of a load serves as open circuit voltage, pressure-proofing of DC to AC 
converter 3 which can control the degradation, without exposing a fuel cell 2 to open circuit voltage, and 
is connected to a fuel cell 2 can be lowered. Moreover, since it is made to go up gradually, without 
raising rapidly the electric supply electrical potential difference to a resistor 21, the consumption of the 
hydrogen in a fuel cell 2 increases gradually. Therefore, even if the permutation of the gas the hydrogen 
in reformed gas or inside a fuel cell 2 is not more enough than installation of a reforming raw material 
because of a short period of time, it is. Since there are time amount allowances of t, it does not become 
the lack of a fuel with a fuel cell 2. Moreover, although the gas which is not consumed with a fuel cell 2 
is returned to combustion burner la of the reforming machine 1 and serves as a reforming heat source, 
since the hydrogen consumption in a fuel cell 2 rises according to the generation rate of reformed gas, 
the flame failure by the lack of a fuel does not arise in combustion burner la. 

[0024] Example 2., next the timing diagram of drawing 3 are used, and other examples of the operation 
starting approach are explained. Generally the initial input of a reforming raw material is set up 
supposing the capacity equivalent to an output required for minimum load operation. This is because the 
fuel cell 2 has not generated electricity at the time of reforming raw material installation, so a reference 
value cannot be set up, if a fuel cell 2 will be in a fixed generation-of-electrical-energy condition, from a 
cell current, can determine the amount of need hydrogen and can compute the need input of a reforming 
raw material. In the example shown in drawin g 3 , it is t5 the time of a fuel cell 2 being in a fixed 
generation-of-electrical-energy condition about the supply set point of a reforming raw material, and 
before connecting the external load 4 to a fuel cell 2, it switches to the flow rate f3 by cell current 
feedback from the initial input f2 ( drawing 3 A). 

[0025] In this case, based on the measurement value from an ammeter 12, the hydrogen consumption in 
a fuel cell 2 is uniquely determined by the controller 24. Moreover, the hydrogen specific consumption 
in a fuel cell 2 computes the amount of the thrown-in reforming raw material which is generally 75 - 
80% and carries out division process by this ratio with a controller 24 with the property of a fuel cell 2. 
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And a controller 24 orders this amount the flow rate control devices 22 and 23, and carries out feedback 
control. 

[0026] By feedback control, even if property degradation (it is known that an electrical potential 
difference will generally fall with time) arises in a fuel cell 2, it can operate, without throwing in an 
excessive raw material. Moreover, the thing for which a switch 5 is closed by t6 at the time after shifting 
to feedback control, and the external load 4 is connected to a fuel cell 2. Operation stabilized regardless 
of the size of the external load 4 is attained. That is, supply of the lack of a fuel of a fuel cell 2, the flame 
failure of combustion burner la of the reforming machine 1, and the excessive fuel to combustion burner 
la can be prevented. In addition, since other operation starting actuation is the same as that of the 
example shown in drawing 2 , explanation is omitted. Drawing 3 B-E supports drawin g 2 B-E. 
[0027] Example 3., next the timing diagram of drawing 4 are used, and the example of further others of 
the operation starting approach is explained. In the initial input of a reforming raw material, by the 
operating method the case where piping from the flow rate control units 22 and 23 to a fuel cell 2 and 
the volume of a container are large, and in case there is a container with a very big capacity, since inert 
gas permutes, even if Rhine which generally introduces a reforming raw material introduces a raw 
material, it cannot fully be permuted. For this reason, in case an early reforming raw material is 
introduced, the flow rate fl which took the insufficiency of a permutation into consideration to the 
required flow rate f2 is set up. And after the reformed gas outputted from the reforming machine 1 
becomes enough, it is set as a flow rate f2 by t4 the time of being. 

[0028] Since the amount of reformed gas also increases while the permutation of a reforming raw 
material is early performed by setting the initial input of a reforming raw material as fl, it can generate 
electricity without causing the lack of a fuel of a fuel cell 2. Moreover, since combustion burner la for 
temperature ups is generally extinguished at the time of reforming initiation, even if the temperature of 
the reforming machine 1 tends to fall and the amount of off-gas of a fuel cell 2 increases it, the 
reforming machine 1 does not become an unusual elevated temperature. In addition, since other 
operation starting actuation is the same as that of the example shown in drawing 3 , explanation is 
omitted. Drawing 4 B-E supports drawing 3 B-E. 

[0029] In the example 4. above-mentioned example, although what used DC to AC converter 3 for what 
supplies electric power to the external load 4 was shown, it is applicable also like what forms a DC to 
DC converter. Moreover, the direct current resistance other than an alternating current heater can also be 
used as a resistor 21. Moreover, although the example using town gas as a reforming raw material is 
shown, macromolecule hydrocarbons, such as a methanol, may be used. 
[0030] 

[Effect of the Invention] the hydrogen which was generated with the fuel reforming vessel according to 
invention given in the 1st term of a claim — in a phase until it connects an external load to the fuel cell 
which uses rich reformed gas as a fuel Since it has a power consumption means to consume the power of 
a fuel cell, and a power consumption means serves as a load of a fuel cell and an injection of a load is 
performed before open circuit voltage, before a fuel cell is connected to an external load, Pressure- 
proofing of the DC to AC converter which can control degradation of a fuel cell and is connected to a 
fuel cell can be lowered. 

[003 1] It has a power consumption means to consume the power of a fuel cell in a phase until it connects 
an external load to the fuel cell which uses rich reformed gas as a fuel, the hydrogen which was 
generated with the fuel reforming vessel according to invention given in the 2nd term of a claim — Since 
the electrical potential difference impressed to this power consumption means is gradually increased 
according to one increment in a flow rate of reformed gas or air, a heavy load is not suddenly connected 
to a fuel cell, and the flame failure of the combustion burner of the lack of a fuel of a fuel cell or a 
reforming machine can be prevented. 

[0032] It has the fuel cell which uses rich reformed gas as a fuel, the hydrogen which was generated 
with the fuel reforming vessel according to invention given in the 3rd term of a claim — Since the input 
of the reforming raw material to a reforming machine is switched to the feedback control by flow rate 
setup into which it is converted from a fuel cell current from a flow rate setup of a fixed generation of 
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electrical energy before connecting an external load to this fuel cell The flow rate of a reforming raw 
material is always amended to the fall of a fuel cell electrical potential difference with time, and supply 
of the flame failure of the lack of a fuel of a fuel cell and the combustion burner of a reforming machine 
and the excessive fuel for a combustion burner can be prevented. 

[0033] the hydrogen which generated with a fuel reforming vessel according to invention given in the 
4th term of a claim — it has the fuel cell which uses rich reformed gas as a fuel, and since a flow rate 
setup performs so that the input of this fixed time-amount and reforming raw material may make 
increase from the time of the reforming raw material injection to a reforming machine, the ununiformity 
of a container and the reforming raw material by the volume in piping and the ununiformity of the cell 
fuel by the instability of a reforming reaction can prevent in early stages of a reforming raw material 
injection. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the system outline of the fuel cell power plant by one example of this 
invention. 

[Drawing 2] It is the timing diagram which shows the operation starting approach of one example this 
invention. 

[Drawing 3] It is the timing diagram which shows the operation starting approach of other examples this 
invention. 

[Drawing 4] It is the timing diagram which shows the operation starting approach of the example of 
further others of this invention. 

[Drawing 5] It is drawing showing the system outline of the conventional fuel power plant. 
[Drawing 6] It is the timing diagram which shows the operation starting approach of the conventional 
fuel power plant. 
[Description of Notations] 

1 Fuel Reforming Machine 

2 Fuel Cell 

3 DC to AC Converter 

4 External Load 

5 Switch 

21 Resistor 

22 23 Flow rate control unit 
24 Controller 

[Translation done.] 
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[Drawing 2] 
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